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The reduction and control of message circuit noise requires that its effects 
be quantitatively characterized. This is achieved hy measuring some physical 
attribute of the electrical noise such that two noises that are judged to be 
equally interfering are assigned approximately equal numerical magnitudes. 
To give meaning to such magnitudes, the scale of measurement is related by 
way of subjective assessment into terms useful to telephone engineering. Per- 
tinent to message circuit noise measurement is the characterization of the 
relative interfering effect of single-frequency noise components and the way 
the ear combines these components to indicate the total effect. The correla- 
tion between a noise measurement and its associated over-all end-effect may 
he made by finding the transmission-loss equivalent of the noise being meas- 
ured or by the direct application of telephone-user opinions expressing de- 
gree of transmission satisfaction. In addition to these topics, this paper 
discusses certain engineering aspects of noise evaluation. 

I. INTRODUCTION 

From the time of the first commercial telephone system, transmission 
engineers have been concerned with the problem of message circuit noise 
evaluation. Prior to the turn of the century, progress was slow and lim- 
ited to crude estimates because of the lack of means for performing 
measurements. One's hearing mechanism had to serve a.s the indicating 
meter, and the scale of measurement was smiply one's expression of 
attitude concerning the noise. 

Initially, the most accurate determination of noise magnitudes was 
through frequency analysis and computation. A given noise voltage was 
first analyzed into its spectrum, which was then weighted according to 
a predetermined curve that characterized the relative interfering effect 
of frequencies in the telephone chamiel. The total noise magnitude was 
then obtained by summing the weighted components on a power basis. 
A quicker but less accurate way was to make an over-all noise measure- 
ment. "Circuit noise" was simply compared by ear to a variable-ampli- 
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tude tuned buzzer, but due to the lack of objectivity the measured 
magnitudes often tended to disagree because of differences between 
operators. 

With the advent of electronic measuring devices the picture began to 
change. Vacuum-tube voltmeters, with square-law detectors and as- 
sociated circuitry to simulate weighting characteristics, would assign 
approximately the same magnitudes to noises producing the same order 
of interference. This was a significant advance, since it enabled the 
introduction of uniform yardsticks to give value-type interpretations of 
the severity of interference associated with each measured magnitude. 
The original yardstick was based on the concept of "noise transmission 
impairment," and subjective tests were performed to relate any given 
noise magnitude to an equivalent transmission loss. 

Since that time, which dates back to the early 1930's, electronic noise 
measuring sets, their use, and the interpretation of measured magnitudes 
have undergone change. In addition to these changes, the operational 
nature of noise evaluation requires that many of the techniques and 
ramifications be constantly re-examined. It is not surprising, therefore, 
that the following questions are often asked : 

i. How does this noise set measure a given noise? 
ii. What are the units? Must a correction factor be added? 

iii. Where is the best place to make the measurement? 

iv. What type of measurement should be made? 

V. What does the measurement mean operationally? What is con- 
sidered a tolerable magnitude? 

While much has been written on the subject, a large part of noise 
practice exists only in specialized reports on specific problems. To relate 
this knowledge and experience is, of course, beyond the scope of this 
article. Our purpose, rather, is to present a tutorial treatment of the 
most important historical, theoretical and practical aspects of message 
circuit noise evaluation. 

We begin by discus.sing the fundamental problem: the measurement 
of circuit noise such that noises having equal "intei'fering effect" are 
assigned equal magnitudes. Pertinent are the concept of frequency 
weighting (i.e., the characterization of noise effects versus frequency); 
the manner in which weighted components combine; and the units of 
noise measurement. Background is provided on the choices over the 
years of reference for noise measurement and the effects of these refer- 
ences on numerical noise magnitude. 
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Next, the discussion follows the historical development of noise meas- 
uring devices, starting with a review of the features of the earliest device 
and ending with the 3A Noise Measuring Set.* 

Highlights of the quantitative aspects of noise evaluation are then 
reviewed. Emphasis is placed on noise originating outside the telephone 
system, the application of the "telephone influence factor" to predict 
power system noise influence, and the use of noise measuring sets to 
estimate longitudinal and shunt unbalances in open-wire lines and cable 
pairs, assuming that external induction exists. 

Finally, we consider the assessment of noise magnitude from the 
subscriber's standpoint. The discussion is centered on the use and relative 
merit of noise transmission impairments and "grade of service." 



II. B.\SIC CONSIDERATIONS IN NOISE MEASUREMENT 



2.1 General 

An electrical disttirbancc in a telephone circuit — that is, any signal 
that does not convey intelligence — appears acoustically as noise at the 
output of the receiver of the telephone instrument. As noise capable of 
detection by the ear, it may be barely audible or it may be obtrusive 
enough to impair the rci^eplion of a telephone message. Noise is "high" 
when it is bothersome; it is "low" when its effects are insignificant. Thus, 
the evaluation of message circuit noise must concern itself with a quanti- 
fication of noise based on the subjective reactions experienced by tele- 
phone users. 

To achieve this ohje('ti\'e, it has been found appropriate to perform 
these two operations: 

(a) mea.sure some physical attribute of the electrical noise such that 
two noises that are judged to be equally interfering are assigned approxi- 
mately the same numerical magnitude; and 

(b) subjectively assess the severity of the hitcrference associated with 
each magnitude on the resulting physical scale, and relate the assessment 
into acceptalMJity criteria such that the scale of measurement becomes 
useful to telephone enguieering. 

These two steps broadly define the underlying principles of message 
circuit noi.se evaluation: the first prescribes the way noise is to be meas- 



* The 3A set ia covered in detail iu a companion paper.' 
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ured; the second provides the information necessary to the interpreta- 
tion of the measurement. 

In general, however, conversation over a telephone may be rendered 
more difficult not only by the presence of circuit noise, but also by the 
presence of room noise in the location of the telephone, the reaction of a 
particular subscriber, the way he uses the telephone and the volume 
level of the telephone conversation itself. Although it is impractical to 
incorporate accurately all of these parameters, the principle of measure- 
ment and the method for the subjective assessment of magnitudes al- 
low, to a good approximation, for these additional effects. 

From the measurement standpoint, it is sufficient to assign equal noise 
magnitudes on the basis of moderately bothersome noises that are judged 
to be equally interfering in the presence of average levels of received 
speech volume and room noise. Two characterizations are necessary: a 
"weighting function," which characterizes the relative interfering effect 
of single-frequency noise voltages, and a law of summation expressing 
the manner in which the weighted frequencies combine to produce the 
total effect. The weighting function is derived by evaluating and com- 
bining the relative annoyance of moderately loud single frequencies in 
the absence of speech and the relative impairment of speech by these 
frequencies, when the speech is at the average received volume level. 
The desired noise magnitude is obtained by weighting a given noise 
spectrum in accord with such a weighting characteristic, and then inte- 
grating the weighted spectrum by the associated law of summation. 

Step (b) enables one to account for the effect of all other conditions 
of electrical circuit noise, received speech volume and room noise. This 
reqviires a mullidimensional relationship expressing the degree of satis- 
faction, or degradation for the range of noise magnitudes (which result 
from the manner of assigning values as described above) in combina- 
tion with any given levels of received volume and room noise. 

2.2 Frequency Weighting Characteristics 

Speech is impaired by the coincident presence of one or more foreign 
sounds. The mechanism is such that while one is listening to one sound 
the ability to listen to another is reduced — the degree of reduction 
being dependoni on the relative amplitude of the two sounds. Quantita- 
tively, sounds of fre(|ueneies below 900 cycles have a tendency to impair 
their adjacent higher frequencies rather than their adjacent lower fre- 
quencies. Above 900 cycles this effect is not as pronounced. However, 
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maximum impairment always occurs near the frequency of the impairing 
sound. 

Annoyance, on the other hand, refers to the subjective discomfort 
caused by noise during the absence of speech. It may be considered from 
the standpoint of loudness. As the volume level of a sound is mcreased, 
the louder and thus more annoying it becomes, although the effect is 
not directly proportional.' At low volumes, a high-frequency sound tends 
to be more annoymg than a low-frequency sound, whereas at high vol- 
umes all frequencies tend to become equally annoying. 

Theoretically, therefore, a particular weighting will characterize the ef- 
fects of noise versus frequency only at specific volume levels. From a 
practical standpoint this is not a serious drawback. Consider, for exam- 
ple, the Fletcher-Munson loudness contours^ shown in Fig. 1. Notice 
that, if the various noise components per cycle are confined to an ap- 
proximate 25-db range, then the relative loudness does not change ap- 
preciably. Likewise, the change in the impairment mechanism of single 
frequencies is not appreciable over this range. Because of rigid noise 
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Fig. 1 — Free-field Fletcher-Munson equal -loudness contours for pure tones. 
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control throughout the Bell System plant, the 25-db range is usually not 
exceeded. Hence, it is the practice to use only one weighting characteris- 
tic for all applications, where such a characteristic is determined relative 
to some moderately bothersome level encountered in practice. 

Throughout the years, weighting characteristics have changed with 
the gradual improvement of the telephone set. The first standard weight- 
ing characteristic u.sed in an electronic measuring set, called the 144-line 
weighting, related to the deskstand telephone set prevalent diu'ing the 
20's and early .'^O's. The second, called the FlA-line weighting, rolafed 
to the 302 set and the third, called the C-message weighting, rehitcs to 
the present 500 set. Although each of these was determined by a differ- 
ent subjective evaluation technique, they all incorporate the impair- 
ment and annoyance effects of noise for average conditions of message 
circuit telephony. 

Since the determinations of the 144 and FlA weightings are well 
documented, '^ it is sufficient to describe briefly the technique for the 
derivation of the present C-message weighting. Two tests were con- 
ducted, one in the absence and one in the presence of speech. In the 
absence of speech, groups of observers were asked to adjust the loud- 
ness of 14 different frequencies between 180 and 3500 cycles until the 
sound of each was judged to be equally annoying as a — 59-dbm 1000- 
cycle reference tone. Then, in the presence of the average level of received 
speech volume, the same groups of observers were asked to adjust the 
level of each of these frequencies so that the impairment on the speech 
tended to be equivalent to that produced by the 1000-cycle reference 
tone. The outcome was essentially a quantification of single-frequency 
noise impairment in terms of equal transmission quality. 

In both cases, the various single-frequency levels were measured into 
a 900-ohm resistance, which was substituted for the 500 set. The results 
of each of these tests were averaged at each frequency, combined and 
smoothed as shown in Fig. 2. Notice the dip in the relative impairment 
characteristic in the neighborhood of 500 cycles. Here it is reasonable to 
assume that the individual frequencies were masked to some extent by 
the speech spectrum of the talker. 

2.3 Law of Combination 

As is well known from loudness considerations, the integrating charac- 
teristics of the hearing mechanism arc highly complex. In particular, 
the mode of integration is amplitude-dependent and influenced by mask- 
ing. It has been found, however, that weighted noise components are 
added approximately as power, provided the noise is confined to rela- 
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Fig. 2 — Interfering (subjective) effect in decibels of various single frequencies 
relative to the frequency {approximately 1000 cycles) of maximum interfering 
effect: a, interference due to impairment; b, interference due to annoyance; c, 
adopted combined effect. 

lively low levels. Since this is usually the case, power addition is most 
appropriate. 

While power addition is consistent with Fletcher's law of loudness 
addition for low-level weighted signals, early articulation studies of the 
effects of two or more noises also showed that the combined noise effect 
adds on a root-sum-square basis. ^ The latter was further borne out by 
subjective correlation of a number of noise measurements made mth the 
FlA-line weighting characteristic using square-law detection.^ Thir- 
teen different types of noise that were judged to be equally interfering 
measured substantially equal in magnitude, as shown in Fig. 3. For 
comparison, the particular FlA-line weighted power measurements are 
indicated in decibels relative to open-mre line noise. 

Further justification for the use of power addition was recently estab- 
lished in tests to determine the applicability of the C-message weighting. 
Different pairs of moderately interfering bands of thermal noise were 
presented to a group of observers who were asked to change the level 
of one until it was equal in interference to the other. These same bands 
were also compared objectively, by computing the differences between 
their \veighted spectra on a power {10'^'''^''), voltage {10'''''^'') and high- 
level loudness (10'*'''^'') basis.* The average subjective decibel differences 
in interference were found to agree remarkably well with the computed 



* These three modes of summation are good approximations to Fletcher's law 
of loudness addition for low-, medium- and high-level weighted signals heard over 
the telephone. 
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Fig, 3 — Difference between FlA-line weighted noise measurements for noises 
judged to be equally interfering. 

differences based on power addition, whereas correlation for voltage and 
high-level loudness addition was poor. 

2.4 Units of Noise Measurement and Noise Magnitudes 

While a weighting characteristic and its companion law for the sum- 
mation of weighted components essentially prescribe the way message 
circuit noise is to be measured, one must also be provided with a noise 
reference and a scale of measurement. At the time of the ear-balance 
(i.e., acoustic comparison) method of noise measurement, the unit of 
measurement was simply the "noise unit." It was defined to be equal 
to 10"^ of the current output of a 240-cycle buzzer, w-hich served as the 
comparison standard. The value of current above (his amount was nu- 
merically equal to the number of noise units. 

With the advent of electronic noise measuring sets, the scale was 
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changed to the decibel scale, and a reference of 10"'^ watts of 1000-cycle 
power at the input (i.e., —90 dbm) was proposed for the reference of 
moasurenieut. Based on tills reference, the unit of measurement came 
to he known as the "dbrn" (deciliels above referen(;c noise). 

Two considerations were pertinent to this choice of reference: iiie 
power level was chosen to be sufficiently low so that when noise was 
measured the results would be positive numbers of reasonable size; and 
the choice of the 1000-cycle frecjuency corresponded to the normalized 
zero loss point of the 144-line weighting prevalent at that tinie. 

Shortly thereafter, the introduction of the 302 set resulted in the need 
for a different weighting. This set was much flatter in frequency response 
than the older deskstand telephone, and the 144-line weighting could not 
be applied. After completion of the work that led to the previously 
mentioned FlA-line weighting, it was felt that something should also be 
done about the reference <tf measurement. The newer line weighting 
admitted a substantially wider band of frequencies and for the same 
reference the two weightings would measure a given noise numerically 
different. Tests showed that with the newer weighting the result was 
about ") db higher for several types of noise, including 3 kc thermal 
noise. 

To bridge this gap, a new reference was proposed in conjunction with 
the newer weighting characteristic. This reference (i.e., zero on the 
meter) was a 5-db upward adjustment, from 10"'^ to 3.16 X 10"^' watts 
of 1000-cycle power, or from —90 dbm to the 5-db-less-sensitive —85 
dbm. Hence, for a uniform 3-kc band of thermal noise one would now 
obtain the same numerical magnitude of measurement with either 
weighting. On the other hand, while the old reference requiied 10"'' 
watts of 1000-cycle power to give a zero indication on the meter, 3.1t) X 
10"''^ watts, or 5 db more of 1000-cycle power, would be needed to give 
a zero indication with the new reference. To distinguish between the 
two references, the newer one was designated "dbm adjusted" or "dba." 

At the present time, the picture has further changed. The introduction 
of the 3A Noise Measuring Set with its new C-message weighting posed 
a smiilar problem regarding its reference for measurement. This weight- 
ing, as will be seen, has a wider equivalent spectrum than the FlA-line 
weighting. To follow the approach described above would require a still 
higher e(|uivalent reference in order to obtain the same numerical meas- 
urement for 3 kc thermal noise. Although this step was considered, it 
was deemed unwi.se for with a higher (less sensitive) equivalent refei-ence, 
many of today's low noise levels would be assigned "negative" magni- 
tudes. 
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To circumvent this possibility, it was decided to return to the basic 
10~'^ watt reference, that is, to —90 dbm. This reference, although nu- 
merically equal to the oi'iginal dbrn at 1000 cycles, is not its equivalent 
when viewed in terms of weighted noise measurements. While this latest 
reference is called dbrn, in actual fact it is "dbrn C-message" to dis- 
tinguish it conceptually from "dbrn 144-line." For instance, as will be 
shown later, 3 kc band-limited random noise will read 6.5 db higher with 
C-message weighting than with 144-line weighting. In the case of an 
FlA-line weighted noise measurement, both the weighting characteristic 
and the different reference (dba versus dbi'n) will affect the results. 

The relationships can best be illustrated with some examples. The 
three different weighting characteristics are shown in Fig. 4. Since these 
curves reflect relative subjective noise effect (or relative interfering 
effect), the maximum of each curve is normalized at db. Note that 
the maximum of each curve occurs at approximately 1000 cycles. 

Consider now the measurements that would be obtained for two ex- 
treme cases of noise: (a) a 1000-cycle noise voltage and (b) a random 
noise voltage. The former is relatively easy. We need only compare the 
given signal to the reference of measurement, sin(;e a 1000-cycle signal 
suffers no weighting. I''or illustration, let us assume a 1000-cycle voltage 
such that the noise power is 10~^ watts at the input of a noise set, ca- 
pable of each of the three measurements. We would obtain the following 
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Fig. 4 — Response vs. frequency of: a, 144-line weighting; b, FlA-line weight- 
ing; c, C-message weighting. 
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noise levels: 

/10"'\ 
N^hv^m) = lOlogiolr^a) ^ 90dbrn, 

N... = 10 log. ( gie^^ ,0-. ) = 85 dba. 
/10"^\ 

Now consider the application of the three weighting characteristics to 
a random noise voltage whose power spectrum p(f) is rectangular and 
confined to a 3-kc band. To determine the three noise measurements, it 
is sufficient to compare the total unweighted power P to each of the 
three weighted powers Pi(i = 1, 2, 3) and express these differences on 
a decibel basis. 

For the assumed power spectrum, p(/)/3000 is constant per cycle, 
say p, at the input to oiu- hypothetical noise set. Thus the weighted 
powers Pi are given by 

Pi - P w^U) df, 

Jo 

where w(/) if^ a particular weighting characteristic, expressed as 
-|^Qdb(/)/io ^^ comply witli the power addition requirement for weighted 
noise component,s. In thi.s notation, the values db(/) arc shnply the rel- 
ative subjective effects provided by each of the three weighting curves 
on Fig. 2. Thus the reduction in input power suffered by weighting 
is given by 

/P\ r 3000 

lOlogiol^j = lOlogio 



Wiif) df 
Jo 



The problem of solving the integrals Jo ° w,(f) df is readily facilitated 
by numerical approximation. Fig. 5 shows the three weighting curves 
transformed from relative decibels to numerics, w(f) ^ j^Qdb(/)/io^ 

Since Wi(f) \/=mo = 1, the area under the line w(f) ^ 1 from to 
3 kc mu.st equal 3000 square units. Hence, if we let this area be A and 
the areas under wdf) = Ai , then the reduction in power due to weight- 
ing is: 



10 log, 



©■ 
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Fig. 5 — Result of transforming the three weighting oharacteristica shown in 
Fig. 4 from relative db to 10'"''"'; a, 144-liiie weighting; b, FlA-line weighting; c, 
C-messagc weighting. 

It is found approximately tliat 



A^ - Ai« - ^ , 



Az = AviA - 



A 
2 ■ 



As = An-, 



A^ 
1.4 



Hence the effect of the three weightings is to reduce a flat 3-kc spectrum 
by approximately 8, 3 and 1.5 db rcHpeutively. For example, given a 
flat 3 kc-spectrum that measures 10^' watts at the input to our liypo- 
thetical noise set, the three respective noise levels are found to be: 
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JVd.,rn(U.i) ^ 10 logio (j-^,) - 8 = 82 dbrn, 
JV...,p.,, ^ 10 Iog.o ( 3 ^e ^^ to-t. ) - 3 = 82 dba, 

A^lb^n(C-me«.aKo) - lOloglof j^J - 1.5 = 88.5 dbm. 

Evidently for other complex noise voltages these relationships are not 
valid. In general, given any noise g(t), whose long-time average power 
spectrum is p(f) (where /i ^ / g ,(2), then the noise level of g(t) iw: 



iVdb(rcf) = 10 logi 



reference power 



III. NOISE MEASURING DEVICES 



3.1 Early Devices 



It has been shown that a noise weighting characteristic, a companion 
law for the summation of weighted components, a reference level and 
a scale of measurement are all necessary to effect a meaningful measure 
of circuit noise. It will now be (ii.scus.sed how these l:)asic requirements 
are, and have been, simulated in instruments to obtain the measure- 
ments directly. 

The first apparatus for the measurement of circuit noise was intro- 
duced shortly aftei- 1900. It eon.sisted of a .sort of acoustic comparator 
wherein the weighting and summation was achieved directly by ear. 
One first, listened to the acoustical output of a telephone receiver con- 
nected to a "noisy" telephone line and then, by means of a switch, 
listened in the same receiver to a small inductor alternator generating 
a 240-cycle voltage. The intensity of the .sound produced by the output 
of the alienator was adjusted by means of a potentiometer until the 
observer felt that the "interfering effect" of the alternator tone was the 
same as the "intei-tVring effect" of the noise. The result of the measure- 
ment was expre.-ised in microamperes in the telephone receiver. It may 
be observed that, in using this device, each "noise measurer" became an 
individual interprct<'r of the sui)jpctive-objective relation of noise. 

Subsequently, the alternator was replaced by a battery-operated 
buzzer, which supplied a constant volume source of tone called a "noise 
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standard." An additiuniil improvement was made by providing the 
potentiometer with a numerical scale, graduated in "noise units." This 
device, called the lA Noise Measuring Set (see Fig. (i) did not, however, 
attam any gi-eater objectivity than its predecessor. It remained on the 
scene until 1929, when it was superseded by the lA Noise Amplifier (a 
device intended for noise measurement on toll circuits). The latter was 
the first to incorporate frequency weighting, and it employed the 6A 
Tran.smi.ssion Measuring fiet as an indicating device. The elimination of 
the "noise measurer" as part of the measuring system was of consider- 
able importance in that it eliminated most of the difference between 
operators. 

3.2 Electronic Noise Measuring Sets 

In accord with the principle of message circuit noise measurement, an 
ideal noise measuring device must simulate a procedure that will assure 
that two noises judged to be equally interfering are assigned the same 
numerical magnitude. 

Thus, ideally, for any given noise voltage g{i) the device must first 
separate g(t) into its frequency components. This might be achieved by 
a series of bandpass filters, each with passband Aw. The device must 
then sense the variations in amplitude at the output of each filter to 
gauge the relative interfering effect of all components present. Then, by 
means of variable attenuation, each component must be weighted by an 
amount equal to its relative effect as determined by the previous opera- 
tion. Next, the device must transform and sum the weighted amplitude 
components by a rule to indicate the total interfering effect of the orig- 
inal noise voltage g(t). Finally, the outcome should be time-averaged 
over a period comparable to the hearing response and the resulting mag- 
nitude suitably indicated on a numerical scale as a function of time. 



TUNED 
BUZZER 




TO CIRCUIT 
UNDER TEST 



Fig. 6 — Sehematie of lA Noise Measuring Set. Potentiometer was adjusted 
until buzzer tone appeared to be equally interfering as noiae on circuit under teat. 
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From a practical standpoint, this simulation can be simplified as 
discussed in Section 2.1. The weighting process is simply achieved by a 
suitable network, the response of which approximates the interfering 
effect for the nominal range of noise levels encountered. For the trans- 
formation and summing process it is sufficient to use square-law rectifi- 
cation, which is appropriate for the noise levels of interest. Lastly, the 
rectified output, which is then proportional to the rms value of the 
weighted noise voltage, may be averaged over a specified period of heai-- 
ing response and indicated on a dc meter that is calibrated in terms of 
input to the set in decibels from the reference of measurement. 

Thus, operationally, all electi'onic noise measuring sets ought to l)e- 
have in a like manner. The essential differences will be only in the type 
of weighting and the particular reference of measurement that appears 
to be appropriate, as well as in specific features that are dictated by the 
telephone system environment and special noise measuring needs. The 
latter refer mainly to the input arrangements and specific weightings, 
such as might be retiuired in the measurement of program circuit noise 
or noise across the receiver. 

One of the input arrangements of particular importance is the noise- 
to-ground input. Its inception dates back to the first major activity in 
noise evaluation: the inductive coordination of power and telephone 
systems, begun in 1912.* The investigators found that balance between 
the two sides of the telephone circuit at noise frequencies was an all- 
important factor. The power circuit induces comparatively high voltages 
to gromid on each wire of the telephone pair. Unless the pair is well 
balanced, either longitudinally or to ground, Ihese induced voltages will 
cause metallic currents in the transmission circuit. Even slight unlial- 
ances will result in such currents, which appear as metallic noise voltages 
across the terminals of the circuit. While it was realized that excessive 
metallic noise voltages of this type could be minimized by good main- 
tenance and design, the means of guiding such mitigation required a 
noise set that would measure both "noise-metallic" and "noise-to- 
ground" accurately. 

Although the ear-balance noise measuring sets were used to measure 
noise-to-ground (as well as noise-metallic), it was not until the advent 
of the electronic noise measuring set that these measurements attained 
the necessary sophistication and objectivity. 

3.3 The 2A — Forerunner of the 2B and 3.-1 

The 2A Noise Measuring Set,^ introduced in 1937, was the first device 
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that adequately realized the primary objective of message circuit noise 
measurement. It was portable, and went a long way to imitate the im- 
portant qualities of the hearing mechanism discussed in Section II. A 
functional diagram of the set is shown schematically in Fig. 7. 

This set consisted of various input circuits, a number of filters to 
simulate weighting characteristics (the l^asic one for noise measurements 
being the 144 \^'Gighting), an attenuator, a three-stage vacuum tube am- 
plifier, a quasi-rms (copper oxide) detector for power summation of 
weighted components and a decibel meter with a 200-mLllisecond integra- 
tion time* to mdicate the noise level in dbrn. Additional features in- 
cluded a self-contained battery power supply, and means for internal 
calibration. While these components were designated primarily from the 
standpoint of noise measurement, the set had other capabilities. For 
example, means were also made available for volume and sound level 
measurements — two features that were later standardized in other 
primary measuring devices. 

The input impedances were chosen to be compatible with the tele- 
phone system environment. A 600-ohm line input was provided for 
terminating noise metallic measurements on toll circuits. This input was 
designed to work with either the 144-line weighting or a flatter weighting 
suitable for the measurement of noise on 8-kc program cu-cuits. In addi- 
tion, a 2000-ohm bridging impedance was supplied to measure noise 
across the receiver (the latter being low impedance). The weighting for 
receiver noise measurements was a modification of the 144-line weight- 
ing, wherein the line-to-receiver transfer characteristic of the deskstand 
telephone was taken into account. 

In addition to these three basic input arrangements, a (1000-ohm 
bridging input was provided to enable the measurement of noise- 
metallic on working telephone circuits. The input circuit for noise-to- 
ground consisted of 100,000 ohms in scries with the line input. This 
arrangement presented a high input impedance to ground and reduced 
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WEIGHTING ATTENUATOR AMPLIFIER SQUARE-LAW ^^^\^jb p'ar^'' 

NETWORK DETECTOR RESPONSE 

CHARACTERISTICS 

Fig. 7 — Schematic of 2A Noise Measuring Set. 



* This is approximately the time required by the ear to appreciate the full loud- 
ness of ii sound. 
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the sensitivity to make the indicated noise-to-ground magnitude com- 
parable to the noise-metallic magnitude. 

To make any of these measurements one simply connected the circuit 
under test to the proper input and adjusted the attenuator until the 
meter pointer gave a scale indication. The measurement was the sum 
of the attenuator setting and the meter indication. The former had a 
6()-db range, whereas the meter scale had an 18-db range. Reference 
noise in all cases was the meter reading (i.e., "zero") obtained with 
10""'" watts of lOOO-cycle power dissipated at the point of measurement. 
The actual minimum measurable noise was in the order of 10 dbrn. 

The "sound input," in conjiuiction with a suitable microphone and 
matching transformer, permitted the set to be used for sound level 
measurements. While the minimum measui'a!)le level depended on the 
microphone and the tran.sformer, the use of the standard (i30A condenser 
microphone with the 1 U A repeat ooil enablefl the measurement of sound 
level as low as 55 db above reference. The weighting used in conjunction 
with such measurements corresponded closely to the "A" weighting 
currently found in sound level meters. The reference for sound measure- 
ments was chosen equivalent to 10"'^ watts per square centimeter at 
1000 cycles. 

A major drawback of this set was that, for one-half of its 12 possible 
measurements, it was necessary to add various different correction fac- 
tors to obtain the correct numerical magnitudes. 

3.4 The 2B and SA Noise Measuring Sets 

In essence, the 2B Noise Measuring Set was a modified 2A. Intro- 
duced in 1041, it incorporated the FlA-line and the so-called HAl- 
reoeiver weighting for noise measurements in dba, two extra sound 
weightings, and improved means of internal calibration. The new noise 
weightings were needed because of the advent of the 302 telephone set, 
which had a different response characteristic than the earlier deskstand 
telephone .'5e1 for which the 2A set with its lja.sic 144-line weighting had 
been designed. 

For simplicity, the two new weightings were obtained by changing 
the responses of the 144-line and receiver networks. The result was that 
the modified networks had an inherent loss 12 db greater at 1000 cycles 
than had had the original 144 networks. Since the reference level for 
riA-HAl weighted measurements was —85 dbm, (u)mpared to the 
reference level of —00 dbm for the two 144 weightings, the net differ- 
ence m meter reading was 7 db. Unfortunately, this necessitated a 
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variety of additional correction factors for all FlA-HAl noise measure- 
ments — -the basic one being 7 db for the FlA-HAl line, receiver and 
noise-to-ground measurements. 

In the new 3A this situation no longer exists. This set is a scaled-down 
version of the 2B, eliminating the volume, sound level, and receiver 
noise measurement features. It is direct-reading, making the need for 
corrections unnecessary. In addition, the set is smaller and lighter due 
to the use of miniature components and transistor circuitry. It is more 
sensitive than either the 2B or 2A, and has an improved quasi-rms 
detector enabling bridging, terminating and noise-to-ground mea.sure- 
ments to zero dbrn with C-message weighting. 

IV. QUANTITATIVE ASPECTS OF NOISE MAGNITUDE 

4.1 General 

In addition to the quantification of noise effects, message circuit noise 
evaluation also deals with noise studies and the control of noise to 
reduce its magnitudes to levels that do not unduly interfere with tele- 
phone service. The problem of control does, of course, hinge on a set 
of standards — the setting of which is guided by a correlation between 
subjective effect and measured magnitude. Once the standards are set, 
however, the quantitative interpretation necessary to noise control be- 
comes a separate field of study. While it is not the purpose of this paper 
to include the .'■etting of noise standards nor to discuss the engineering 
steps of controlling noise, it suffices to discuss some of the uses of noise 
sets that bear directly on noise studies. 

4.2 General Use of Message Circuit Noise Measuring Sets 

Whenever noise is measured on a telephone circuit, one should know 
the average speech volume level (vu) at the point of measurement. 
Lacking a specific measurement of vu, one should know the transmission 
level at the point of measurement from which speech volume may be 
inferred. Generally, in the case of long distance circuits, one refers the 
noise measurement to a 0-db transmission level (TL) point. 

Since the noise measuring set is an audio-frequency device, noise may 
be measured at any accessible point in a voice frequency circuit. The 
circuit may be taken out of service and the measurement made with the 
line input of the noise .set a.s a termination, or the measurement may lie 
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made on a bridging basis, where regular telephone equipment terminates 
the line that is idle at the time of measurement. 

Noise measurements on carrier or radio channels must, of course, be 
made at the telephone circuit termmals where these channels operate at 
voice frequencies. 

Last but not least, it is important to monitor each noise measurement. 
This is necessary to insure that noise is actually being measured and 
also to observe the character of the noise. 

4.3 Use of Noise Measuring Set To Estimate Telephone Influence Factor 

From the point of view of exchange plant telephony, an important 
external source of noise is that originating in power systems. This noise 
is important because, in general, it cannot be reduced to tolerable levels 
solely by transmission design (unless it is possible to separate power and 
telephone lines adequately). Because of this situation, the reduction and 
control of power line noise is and has been accomplished by joint en- 
gineering coordination with the power companies. 

The most expedient approach is to attempt a solution prior to the 
actual construction of either a power or a communication facility. This 
requires an estimation of the amount of noise to be expected from the 
specified condition of the exposure prior to construction. A method that 
has been of great help is based on the concept of "telephone influence 
factor" (TIF).'"'" This refers to either a voltage or current wave in an 
electrical supply system, and it is defined as the ratio of the square root 
of the sum of the squares of "weighted" rms values of all sine wave 
components to the rms value of the entire wave. 

Thus 



TIF 



//e {a^v^- 



where Ai is the rms value of the (voltage or current) sine wave com- 
ponent at frequency /, , TF, is the TIF weighting factor at /, and A is 
the rms value of the entire wave. 

The TIF weighting function If (/) accounts for the relative mterfering 
effect of single-fre<iuency tones w{j) in the message circuit (e.g., the 
144-linc, FlA-Iine or C-messagc weighting) and the variation with fre- 
quency of the inductive coupling between power and communication 
circuits. The new curve based on the C-message weighting is shown in 
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Fig. 8 — Proposed new TIF weighting curve, W{j) = Kw{j)M (f) , where K is 
such that H'(10(K) i-yr!es) = 5000; jr(/) = 10'"></')'>o is the C-message weighting and 
■^^(/) = //lOOO to approximate the coupling distortion between power and tele- 
phone circuits. 

Fig. 8. Note that the weighting is given in numerics, with W (1000 
eyeles) chosen to be 5000. 

The measurement of cither voltage or current TIF is facihtated by 
using a noise measuring set (to give the subjectively weighted root mean 
square magnitudes) in conjunction with a suitable coupler (to provide 
for the effect of coupUng versus frequency between power and communi- 
cation facilities).*^ A schematic set-up for the 3A Noise Measuring Set 
is showm in Fig. 9. 

Using the voltage coupler, the measurement will be proportional to 
the Kv-T product (the numerator of the voltage TIF expression); 



E ivAVd'- 



in dbrn, where Vi is the rms value of each sine wave component and 
Wi the corresponding TIF weighting factor (the latter resulting from 
the characteristics of the coupler and the C-message weighting). Simi- 
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Fig. 9 — Set-up for (a) voltage and (b) current TIF measurements using new 
3A Noise Measurement Set. 
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larly, using the current coupler, the measurement in dbrn will be pro- 
portional to the I-T product: 



The relation between 1 hese measurements and the numerical Kv ■ T and 
I • T products is given by 

KV-T ^ jQl'V^Cdhrnj-IS. 81/20 
I-T = lQl^V7(dbrn)-20. 21/20 

where Ni and A^ are the correspondmg 3A set measurements. Division 
of these numerical factors by the total rms value of voltage (in kilo- 
volts) or cuiTont (in amperes) gives the over-all voltage or current TIF. 
In eai-ly applications, these factors were used to estimate the noise 
induced in a given exposure. Today, the greater interest lies in assuring 
that ac and dc machinery (as manufactured) meet a certain conserva- 
tive value of TIF. 

4.4 Other Special Uses of Noise Measuring Sets 

As mentioned in Section 3.2, there are two types of unbalances in 
wire systems that may permit induced "voltage-to-ground" lo cause 
excessively large metallic noise voltages in the transmission circuit. 
These unbalances, called scries and shunt imbalance are shown in their 
most elementary forms in Figs. 10(a) and 10(b). 

In the case of Fig. 10(a), it is assumed that the presence of Z^h does 
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Fig 10 — Equivalent t^ircuit reprRsontations for (a) shunt and (h) aeries un- 
biilaiire. For sluint unlialance, 20 li)gio(r„/l%) = 20 logiu(Zm/4ZHi,) = balance 
ratio in deribels; for series unbalance, 20 logia(rm/Vo) = 20 logi«(Z«./4Zt) = 
balance ratio in decibels. 
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not affect the magnitude of Vg and, in the case of Fig. 10(b), it is as- 
sumed that the external source of induction is to the left of Zsc and that 
the Zsc is small compared to Z^ . Both unbalances are assumed to be 
single entities, and each is therefore an outstanding source of unbalance. 
Effects of phase shift and attenuation are not taken into account in 
this example. 

A relative measure of these unbalances may be obtained by making 
noise-to-ground (N^) and noise-metallic (Nm) noise measurements. For 
the 3A Noise Set, the standard A''„ input arrangement is such that a Ng 
measurement is 40 db less sensitive than a JV^ measurement. 

Thus, if one measures both Ng and N.^ , the balance mtio is given by 

N„, - (Ng + 40) = balance in db.* 

In the voice-frequency range, excellent balance performance is 
represented by ratios <— (iO db; good by these between —00 and —50 
db, fair by those from —50 to —40 db, and poor by ratios > —40 db. 

Another quantity of interest is the severity of the induction itself. 
This is found by simply measuring Ng . For the new 3A Noise Measur- 
ing Set, values of Ng > 40 dhvn represent high noise influence, those 
from 20 to 40 dbrn represent medium noise influence, and those less 
than 20 dbrn represent low noise influence. 

In addition to the above, the iV„ input is also useful for measurmg low- 
frequency voltages. These include both 25- and 60-cycle voltages, which 
are usually not audible. In estimating these components, it is necessary 
to measure first the weighted and then the unweighted (flat) noise with 
the appropriate networks. The difference between these measurements 
will give some mdication of the extent of low-frequency induction. 

V. SUBJECTIVE ASSESSMENT OF NOISE MAGNITUDE 

So far we have considered only the ramifications involved in the design 
and objective use of a suitable noise measuring instrument. Consider 
now the subjective aspects of noise magnitude, which make the meas- 
urement of electrical noise meaningful from the telephone user's stand- 
point. As discussed in Section 2.1, this necessitates subjective assess- 
ments to determine the severity of interference versus noise level Nm . 
Once established, these assessments serve the telephone company as 
the means of controlling noise in the best interest of its subscribers. 

The results of two types of assessments are currently in use. One set 
of results measures noise magnitude in terms of "equated transmission 

* In the absence of an induced voltage Vg , thia method will not yield a mean- 
ingful result. However, in such cases the existence of unbalances will benoproblem. 
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loss"; the other provides expressions of attitude to noise as a function 
of magnitude in the presence of different amounts of received speech 
volume. Since these results are completely different in concept, they will 
be treated separately. 

The first dates back to an early philosophy, which postulated that all 
factors that degrade a telephone conversation and make it poorer than 
face-to-face conversation, e.g., noise, distortion, sidetone and volume 
loss, should be expressed in similar units. As such, consideration could 
be given to the summation of the effects of these factors to produce a 
figure of merit indicative of the over-all efhciency of a given connection. 
To meet this desirable condition, it was decided that all factors that 
degrade transmission be subjectively quantified in terms of equivalent 
decibel transmission loss.'^ 

Consider two identical message channels serving the same talker and 
listener. On one of these introduce x dbrn* of noise. The effect will be 
to degrade this channel relative to the channel with no noise. Now, if 
one slowly degrades the "no noise" channel by introducing flat loss, 
there will be some value of loss for which the two circuits are concep- 
tually equal in degradation. The actual value, say y db, is said to be the 
equated transmission loss for the given noise level of x dbrn. 

The original subjective technique for the determination of these 
equivalent losses for noise was the articulation test. In such a test the 
source was a talker who uttered various selected sentences over a vari- 
able-loss test circuit to a sample of telephone users (observers) in the 
presence of an average amount of room noi.sc. In each sentence there was 
a meaningless syllable made up of three letter sounds. For different 
values of circuit loss, each observer recorded the letter sounds that he 
thought were present in the meaningless syllables. This process was then 
repeated at the nominal (no loss) volume, but in the presence of various 
amounts of circuit noise. Next, the percentage of correctly received letter 
sounds (percentage of articulation) was computed for all observers, at 
each value of circuit loss and at each noise level, These percentages were 
then plotted as articulation versus loss (no noise) and articulation versus 
noise level (no loss). Data indicative of this procedure using 500-type 
sets are shown in Figs. U(a) and 11(b), where actual values of per cent 
are estimated in light of the results of the original work.* From such 
curves the equated transmission losses are obtained by finding at each 
noise level the corresponding cii-cuit loss that gives the same percentage 
of articulation. For example, 40 dbrn (noise) fn 9.0 db (loss), as is seen 
by comparing the 86.5 per cent articulation score. 

* From here on, all units of noise measurement are in dbrn C-message. 
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Fig. 11 — Estimated percentage of word articulation vs. (a) noise at the sub- 
scriber's telephone and (b) transmission loss. 

Whether one uses articulation tests or the direct method described 
previously, each of the resulting equated transmission losses turns out to 
be invariant over a large range of received speech volume. This, of course, 
is an a priori requirement. In principle, the equated transmission loss 
for a given degi-ading effect must be independent of all others, if the sum 
of equated transmission losses for all effects is to be a meaningful figure 
of merit. 

In assessing message circuit efficiency, it is useful to view equated 
transmission losses as transmission impairments. Consider the estimated 
per cent articulation data of Fig. 11. We showed, for example, that 40 
dbrn of noise at the subscriber's telephone is equivalent to an approxi- 
mate 9.0-db increase in transmission loss. Since this equivalence implies 
that 40 dbrn degrades transmission by 9.0 db, relative to transmission 
at maximum per cent articulation (i.e., articulation at low noise), the 
9.0-db value actually constitutes the amount of noise transmission im- 
pairment (NTI) due to 40 dbrn of noise at the telephone. On this basis, 
the equated transmission losses derivable from Fig. 11 are plotted as 
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Fig. 12 — Estimated values of NTI from data of Fig. 11 under the zero NTI 
conditinii asgumcd in the text. 



NTI versus noise in Fig. 12. For these data, a circuit with ^26 dlirii of 
noise at the line terminals would be said 1o suffer zero NTI; a circuit 
with a noise level of 30 dbrn would suffer an impairment of 1.5 db. 

It is {|uite evident, however, that NTI by themselves will not indicate 
noise degradation on an absolute scale. For example, if the speeeh-to- 
noise ratio on a given circuit is large, say 35 db (in eciuivalent units), a 
5-db NTI still leaves a good effective speech-to-noise ratio, (30 db), and 
the transmission is stiU good. On the other hand, if the speech-to-noise 
ratio is low, say 5 db, then a o-db NTI will be nearly fatal to transmis- 
sion. This does not mean that impairments are an inefficient measure, 
for the same is true of actual decibels. Increasing the transmission loss 
of two randomly chosen circuits by 5 db does not imply that they will 
be equal in performance, yet they have been degraded equally. Evalua- 
tion (of this type) in decibels, including effective decibels such as im- 
pairments, always requires consideration of the "initial conditions" of 
the circuit under study. 
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From the noise standpoint, we may summarize the above by saying 
that noise effects cannot be fully evaluated without giving regard to 
speech volume. Thus, in recent years emphasis has shifted toward the 
second type of assessment, which includes the effects of volume directly. 
Here the relationship expressing degradation differs from the db-impair- 
ment type of assessment, in that the effects of noise and volume are 
expressed directly in terms of telephone-user attitudes. 

Expressions of attitude can be obtained in a number of ways. Ex- 
perimentation has shown that the method of absolute judgment^*'^^ 
tends to produce readily applicable results. The general nature of this 
method is as follows: first, the experimenter selects the range and levels 
of the stimuli to be evaluated. The various stimuli Sa{a = 1, 2, • ■ ■ , v) 
are then presented in random order to the observer, who is required to 
judge each condition in terms of one of a predefined set of response cate- 
gories Rk (k = 1, 2, ■ ■ - , I). Specifically, thestimnli are joint "received 
speech volume-noise" conditions in the presence of average room noise 
to incorporate the three most important parameters that tend to affect 
transmission. While the response categories are arbitrary, it is the prac- 
tice to use excellent, E; good, G; fair, F; poor, P; and unsatisfactory, U. 

Each time a stimulus is presented, the outcome is a judgment in one 
of the I predefined response categories. Thus, if this procedure is re- 
peated for a large number of observers, the relative frequency of oc- 
currence of a category Rk , given Sa , will tend to approach the condi- 
tional probability p(Rk | Sa); i.e., the placement of a stimulus in category 
k given that the stimulus is at the level a. Note, since one and only one 
category is assigned by every observer to each Sa , 

E p(Rk I S.) = 1. 

k=i 

In contrast to equated transmission losses for noise, the results in the 
above procedure are probabilities of the occurrence of certain expressions 
of attitude. Earlier, for example, we assumed an equated transmission 
loss of 1.5 db for 30 dbrn at the input of the 500 set. The 1.5-db value 
was then adjusted to provide a measure of noise degradation in terms of 
NTI. Under the method of absolute judgment, we would obtain the 
numerical values of p(Rk \Sa) for each level of received speech volume 
with noise at 30 dbrn. For y vu, one might find a value of 0.2 in the 
E category, 0.5 in the G category, 0.2 in the F category and 0.1 in the P 
category. In terms of the proportion of observers responding, these 
numbers tend to indicate an expectancy of subscriber satisfaction — a 
feature not reflected directly in impairments. For example, suppose we 
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conduct a joint noise level-received speech volume survey in a particular 
community, say in locale A. Then for the joint distribution we could 
use cither a table of noise and volume-loss impairments to determine the 
proportion of r.alh that are x dl) "poorer" than the reference-zero im- 
paired call, or we could use the results of a joint noise-volume absolute 
judgment test to determine the proportion of calls that mil be considered 
E, G, F, P and U. While the use of impairments gives the proportion of 
calls with specified values of over-all degradation, there is no direct 
measure of the over-all grade of transmission. Use of categorical judg- 
ments, on the other hand, provides some insight into this important 
question. 

To illustrate the use of absolute judgments as implied above, let us 
assume that we have completed an absolute appraisal of joint volume- 
noise conditions S„ = (v; , ny), where a ranges over all combinations of 
volume Vi at level i ^ 1,2, ■ ■ ■ , /i and noise Hj at levels j = 1,2, ■ - ■ , m ; 
and that S„ covers the range of any distribution of calls p(S„) = 
p(vi , rij) in locale A. 

Consider now any subscriber in A. In terms of the absolute judgment 
test, the event Rk for this subscriber is the placement of a randomly 
presented call in category k* Due to the nature of Rk this event is 
dependent on the occui-rence of some 5„ . Since any Sa can occur, the 
event Rk occurs either as tlie result of both lit and Sn , or both Rt and 
iS'i2 , ■ • ■ , ov Rk and S„m ■ 

Symbolically, this means that 

Rk = Rk-Sn -\- RkSu + ■ - ■ + RkS„m 
and, since the joint events RkS„ are mutually exclusive, then- probabili- 
ties add. Thus, 

p{Rk) = p(RkSn) + v(RkSi,) + ■ ■ ■ + v(RkS„„d 

= p{Rk 1 Sn)p(Su) + P(^A- I Su)p{Su) + ■ ■ ■ 
-\-p(Rk\S„Jp(S„„.) 

where p{Rk) is the probability that a random call Sa of joint volume- 
noise ((',■ , Ui) is placed in category k. 

U p{Rk) is interpreted in the frequency sen.se, it gives the proportion 
of calls placed in category k for the given .set S^ . In these terms, p{Rk) is 
called the "grade of service" "^ for the distribution p(Sa)- 

• It is assumed here than an S„ selected in the experiment will be judged in the 
same category as the S^ appearing randomly at the subacribers telephone. More 
generally, the assumption implies that piRk ! S^) is stable. 
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Fie. 13 — Absolute judgement: proportions of observers responding in the 
"goocl or better" category for the indicated joint voUime-noiae conditions. 

In the more general case, where the joint vohime-noise conditions S 
are disfributed continuously with density p(S), and when it is possible 
to obtain a continuous fnnction p(Rh \ S) to represent p(Rt \ Sa) for 
all a, grade of service is given by 



f p(R, I S)p(S) dS, 



where S ^ (v,n). 

As an example, Fig. 13 shows a part of the results of a joint volume- 
noise appraisal test: namely, the snm of E -|- G responses. Here, the 
conditional probabilities are of the form 
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MEAN VALUE /J.^ OF NORMALLY DISTRIBUTED 
RECEIVED SPEECH VOLUME (.(r^ = 5.5 DB) IN VU 

Fig. 14 — Grade of service estimates: proportions of "connections" in a I)i- 
variate normal noise-volume distriljution (o-n = 6 db, o-v = 5.5 db) assignable to the 
"good or better" category when the means /x,, and /uj. liave the indicated values. 



p(t 

V=i 



Rk I v,n ] = p(E + G I v,n), 



giving the probability that a volume-noise condition (v,n) is judged 
either excellent or good, i.e., "good or better". While .'^uch tests must be 
conducted at discrete levels, the incremental changes in this case were 
small enough to justify smoothing the data into a continuous form so 
that any response could be read. I'or simplicity, we have shown only a 
limited immber of conditional probabilities. Notice that they are ap- 
proximated by a set of contours that define ecjual proportions of "good 
or better" respon.se in the speech vohmie-noise level plane. By fitting a 
polynomial w(v,n) to these contours, the expression for "good or better" 
vohime-noise grade of service becomes 



nw(v,n)p(v,n) dv dn. 
.1 



An illustration of the applicability of the above is presented in Fig. 14. 
For p(v,n) we have assumed an ensemble of bivariate noi-mal distriliu- 
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tions wherein v and n are assumed to be independent. The standard 
deviations were assumed to be fixed at o-„ = 5.5 db and o-„ = 6 db, 
whereas the means were allowed to vary continuously over the limited 
range of received volume (vu) and noise level {dbrn) as shown.* 

The use of a continuous set of distributions is fully appropriate. While 
the grade-of-service integral becomes a function of fii, and jUn , it may 
readily be approximated l)y a finite double sum suitable for solution by 
means of digital computation. Furthermore, a solution in terms of the 
two means gives a bird's-eye view of the rate of change of grade of service, 
and it also exhibits the element of "tradability" between received speech 
volume and noise level on a macroscopic scale. 

For simplicity, the "good or better" grade of service estimates in Fig. 
14 are shown at the same nimierical proportions as the conditional prob- 
abilities of Fig. 13. Here, however the contours define subjectively 
equivalent distributions at various levels of "goodness". Thus, for the 
particular choice of standard deviations, a joint volume noise distribu- 
tion with txt, — — 34 vu and Mn ^ 27.4 dbrn is seen to be subjectively 
equivalent to one with fi„ = —28 vu and ^n = 35.3 dbrn. 

In a similar but conceptually different way, one could also find sub- 
jectively equivalent volume-noise distributions from the point of view 
of impairments. The two cited above would not necessarily be equiva- 
lent, but, if we assume that they are, the outcome would be a table relat- 
ing various proportions of these distril>utions to their respective impair- 
ments. As was said earlier, however, these proportions do not convey the 
same feeling of customer reaction as do the grade-of-service proportions. 
For the two joint distributions under discussion, one can expect that 
80 per cent of the calls will be "good or better" — ^a language that has 
considerable appeal. 
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* Actually the integration is defined only over the surface w(v,n) . Thus, there is 
some error incurred for distribution with low and high values of mean /u,, , fi„ 
near the periphery of the surface. 



EVALUATION OF MESSAGE CIRCUIT NOISE 909 



REFERENCES 

1. Cochran, W. T. and Lewiuski, D. A., this issue, p. 911. 

2. Harris, C. M., Handbook of Noise Control, McGraw-Hill, New York, 1957, 

Ch. 10. 

3. Fletcher, H., Speech and Hearing in Communication, D. Van Nostrand Co., 

New York, 1953, Ch. 10. 

4. Kent, H. E. and McCurdy, R. G., Relative Interfering Effects of Different 

Single-Frequency Noises in Telephone Circuits, Engineering Reports, Edi- 
son Electric Institute and Bell Telephone System, 4, 1937, p. 163. 

5. Kent, H. E. and Shetzliue, R. A., Frequency Weighting for Message Circuit 

Noise, Engineering Reports, Edison Electric Institute and Bell Telephone 
System, 6, 1943, p. 183. 

6. Kent, H. E. and McCurdy, R. G., Articulation Studies on the Effects of Noise, 

Engineering Reports, Edison Electric Institute and Bell Telephone System, 
3, 1937, p. 255. 
7 Puchstein A F and Wright, C. A., Teiepftowe Com/»u?iiaiio«, MeGraw-HiU, 
New York, 1925, Ch. 17. 

8. California Railroad Commission, Inductive Interference Between Electric Power 

and Communication Circuits, California State Printing Office, Sacramento, 
Calif., 1919. 

9. Barstow, J. M., A New Noise Meter, Bell. Lab. Rec, 15, 1937, p. 252. 

10. Blye, P. W, and Gorman, L. J., The Telephone Influence Factor of Supply 

System Voltages and Currents, Engineering Reports, Edison Electric In- 
stitute and Bell Telephone System, 4, 1937, p. 177. 

11. Westinghouse Electric Corp., Central Station Engineers, Electrical Transmis- 

sion and Distribution Reference Book, East Pittsburgh, Pa., 1950, Ch. 23. 

12. Baratow, J. M., Blye, P. W. and Kent, H. E., Measurement of Telephone 

Noiae and Power Wave Shape, Trans. A.I.E.E., 54, 1935, p. 1307. 

13. Emling, J. W. and McKown, F. W., A System of Effective Transmission Data 

for Hating Telephone Circuits, B.S.T.J., 12, 1933, p. 331. 
14 Wcver E G and Zener, K. E., The Method of Absolute Judgment in Psycho- 
physics, Psych. Rev., 35, 1925, p. 466. 

15. Guilford, J. P., Psychometric Methods, 2nd ed., McGraw-Hill, New York, 1954, 

16. Coolidge, O. H. and Reier, G. C, An Appraisal of Received Telephone Speech 

Volume, B.S.T.J., 38, 1959, p. 877. 



